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^ (57) Abstract: A microwave plasma process device, wherein a metal lattice-shaped shower plate (1 1 1) is provided between a di- 
electric shower plate (103) and a substrate (1 14), and a plasma exciting gas mainly consisting of rare gases and a processing gas 

t^ 1 are released from different locations. When the lattice-shaped shower plate is grounded, a high-energy ion can be implanted into 
the surface of the substrate (114). When the thicknesses of a dielectric partition (102) at a microwave introduction portion and an 

O dielectric are optimized to maximize a plasma exciting efficiency, and, at the same time, the distance between a slot antenna (1 10) 

Oand the dielectric partition (102) and the thickness of the dielectric shower plate (103) are optimized, a high-power microwave can 
. be input 
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"7— :7V— hill SRtt5t^7^U >^tC J;-5?§5ft**56± 

tsjii^^^So —77, T-f7Dt7 , 7X^gfT«, ^im#:->^y- 

15 Xlx-h 1 0 3fr£2 0mm^±ginS<i:8VOTt^0, 7*7X7't'lCttf« 
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•yr-izuhu >^7°7XTiif^^5^ mnommx^-x^x^mmtm 
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SbiSSK fc-^fe T X^ X (c^o xn=f-MWN& < e. nx V i§ E £: @ 
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25 El 1 ©X^XvXP-t?7^B£ffl^T, y'J n >KfUKT?»h*ifc:iS& 2 0 0 
mm 0'>'J3 >*m±^ X 9 XV C V D (Chemical Vapor Deposition) fe\Z<k 
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25 u >^-ry^mmzn *>&m&*> ^mm^^Mmm^r^ 
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H5ck0, l^i;**R^iS'xO'r^->A*tx^;^^5©tC. 
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fcnti : $:mmzw)jQi,ftt%\z, mmmmm^w^-yxmx.^jv^avmt 
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15 eVj&>*>2 OeV tffi^fit(C«IA^nT*f9,^®^7./N 0 ^^^n^)^ttt^:Vi. 
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\zyF^^y^)n>mmt.y^u>mim<DJLv^yTMW^. &&&o. 2 
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&J4 P a (3 Omlbrr) T&o£:„ ^7X7igffl©7-f ^7 □&(DJli&i&;L 2 . 
5 4 5GHz. S^fil. lkW ««^JPUfcfli««<7)«&»tt2MHz 

4 0 OeV lCl§:^L;t„ 

<ue©a^jttt i o jsjll, -> u d >aibi« t -> u 3 >wb«toawit» 3 0 jell 
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)im<Di/tjn>m5tti5nzmxT2>fctb. n>#7htg&fimm\zm<tiL2> a z 
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fc^-T&So HUD, if f^lM5i:§^tM©ll$(i3 Ommioi 
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10 ^>7-:/l— hill t^i^^^-r-SfconTigT-r^zii^^^o T-f 
15 rfV- b 1 0 3 £*&^t£>"\* hill <h<£>F^R5£i£S<£> 1 /4fe\zT 

n^^z\L\zt^ a 

Ml Ote. B§m#gB<DJP££3 0mm ICl^bT7y7^7^ >XO-> hX> 
5^1 1 0 tmmtei/ArV-XU-b 1 0 3<h(DF.3PS£^A;fc<h#{;:, 7>5^h 

110C0707 hgu-e^m^TO-r^^^a^m^^^'j^L^m^-r 

1 0 tBli#yt , 7-7*U- h 1 0 3 i^PliiitjtcMM^^b-r-S^i^ 

m£B£it-f -Slcte, 7>^-T 1 1 OcD^M^-r^b^m^^fi^OliscDfiB 
25 }C&3£-5lCT>^:M 1 0 £mmfc->*V-ZfU— h 1 0 3 £©IHJPH**«>n 
^m^'>ir 7-^1/- h 1 0 3 ©T^^OOMTV-r ^ 

fc»bt$nTv>5*&, 7>-x^- iio tmm^y^u-xu— h i o 3 £©m 
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mi)m&<Di/4(D : &&fe\zi3.^T^tai£^ B mi o<to, T>y~ri loi 

mm^>^U--fU— h 1 0 3 £<DPigp^3 Omm&tfQ OmmCi^ ZD7 

3 0 mm, 6 0mmM!;9 0mmH -W?n&S<Z> 1 / 4 , 2/ 
5 4^=fclX3/4fg(Cffi^-r^. 

^^SAbtfcXD-y hW!?1&mrrz>Z\£tft<s:^fz&. ^\z^t^m^m.x 

&£zmmm-^( o u^x^x^^mmmzu x> , sijTOmiii^-f ^ n&m 
• mm^mm^r^. &&<DX?x^xn±xzM^zmfmxu-txtf»im 

\Zt£Z> 0 

mmm 2 ) 

20 mz. *mmm,2<Dmmm\z&.z>x?x-?xu j txmw\z-D^Tmi ims 
mi 2&0mLt£&<bmm-?z>. mint. *f£w<Dm2<D$mm\z&z>X7X 

vyo-bXglfHtt^nfctSftxt V-XU- h 6 0 0 £S1£#J^£Ji,*:¥ 
@0T&3o 01 2(i01 1CDXI I -XI IlCfUofclfllT^S. *^BJ 
tf)Sg 2 (DUM^J^ck^^Xvyn-tX^Stt, 0 1 1 iZmTte^Vli'* <7-X 

25 i/-h6oo e^ttH i iz7j<-r*5£W(D%z i ^^(Cck^^^x^yp-txg 

mi llZ^TJzotZ. *&T!K>'t7-^l/-h6 0 0H *f6 0 1, 
0 2, ^D-feXffi7^X^tt3^6 0 3 Ow^yVm. OT^yt7-yi/- 
h^MP6 0 4J;0? l <i:5. 01 2l:^ti^C, et6 0 2ttti6 0 6& 
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&nmwvfc. *f6oi«M$o. o 3%<DT)v^-r^^v^x\z^ 
5 ^nxi^.et 6 o 2i-m?mzwsM2tiT&o*&g6 o 1 1«®6 02H 

10 !/-HCffl^£<i:, ±^^l<73*»J(D<fc^{C^XMtb?L^^Wc^'& ( h 
J±t5>LT. &r>i%~\ztfX*&\frtZ>z.£.-h^im\ZtzZ> a 0 2(D£ffi<Do 

■tE>137.WL&ffi>im-te, fiXj)mft-£tLt£^£o\Z&Wk6 0 6T*b*lT^£o & 
I6 0 6H ^2 2 0/1111, MMO. 8%C^T;U5^-b^^ «y^7.T*^>. 

is ^ov^^-^i'-h^fieTr^^o mm.^mm^u^rcisb. zf^x-? 

20 *Wmi^yt7-yi-- h 6 0 0 ^7JR tt7 = •yi'XTML 

mz. *mw<Dn3<Dmi&M\z&2>zf ; 7X-?7n±:xmniz-o^Tmi 3%.zt 
mi 4&mmisU&e>mw?2>o mi3\*. *mm<Dm3<D$mmiz&2>-x ; 7X 
T-fu±^mm\zmn^nrz^^izy^ r 7-'fu- b?oo &&&mfr*>MJt s ?- 

19 



WO 00/74127 



PCT/JPOO/03365 



WmT*&Z>o @14ttil3©XI V-X I Vil;J&ofciI0tfe5. *5£W 

5 Ell 2\Z^rfe=T-Vt><TV-Z?V-h7 0 Ott, #X>*A8§7 0 1, ^Dt7 
ffl#X£fcffi?L7 0 2, tS^->^«7-yi/-h^fX^n7 0 3, ^^->-^7 

,#J§HC=fcD^TR7 0 4H SISfCffi^-r^ll^^LTV^o 

io xxm\&(Dm\ztzzf7X^jjx&m&2^%rc&(Dmnffl7 o 7^^$n 

0 6H -7^'>^A^3%^W^-^T^a-^A-r^$nT43 0, 
^-Ammz&Dm&ZtlT^Zo ^yt7-yi/-h*^7 0 5:fccfcZ>* 
*&^i>^ , 7-yu-h^7 0 6H m&&tfXiZtt?Z>M&&fa±tS-£Z>tzft 

*mmmte. ±mom 1 (Dmrnrntiti^vx. te^t*->^ h 7 0 0 

t7-^l/- h 7 0 0£7;i/5^ATfl§/&L£^ XT^l/X^ffijtST;^ 
A^TXt" > I/XT^t/dc LT <£ Vi. 
(HJS0>J4) 

Ell 5«,*^HJ(D^4<D^li60iJ{Ci^y7XvyD-feX^SW^®ElTfe^„ . 

R§M8 0 2, m%W^W--fV— h8 0 3, ^t77°804, v^?— ^U- 
h@^A8 0 5, ^7XTliffi^ii|i&P8 0 6, ^X^SfogffltfXS&U 
?L8 0 7, V-r ^7 Pi£igi&g§ 8 0 8 , ^yt7-7'U-h8 0 9, Xn-feX 
ffl#X#$&C18 1 0, yairXffl7^X^tti?L8 1 1, 7f-y8 1 3, KOTNs, 
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□ si 4£*rr-5, -/7X-?mm2nz>mfa8 1 2«t.^-> ? 8 i 3±t^s$ 

*^»JT«. X£§§§8 0 l«T;i/S-^7A, ^m^P!M8 0 2\m.itT)V 
5 hP^f&^8 0 5fcmU5-^AT«j5££tlTV><i>o tS^v^ V-ZfV- b 8 

o 9 fct,±j$©ig i nmm3<Dmffim<n^?nfr—^tmmuffi]&£2nT&K). 
f>i/7irM^nTir^, 7°7?:~?m&m-?'(?nfo(Dmfcmz2. 4 5gh z 

10 5 0X6 5 0 mm 2 ^*^. 

? nfcmfem 8 0 8H Mmizmw.jj&Hzm&.?z>m— btifemmwi 

<^7o^^g§8 0 81C#ELT&3&£*1&. v< ;7 Di£#&S§8 0 S^tettg 

15 zufeo-mt. mmfamm.8 o 2frt>Mnmi,. mm^>^u-y°u 

- b 8 0 3 £^LTi^g§g8 0 1 fifCaHA^rU ^7XT5i|gt5, !7*5X 
T*>^Jig£n£<h, y7X7t^i#yt V—ZfU— b 8 0 3 t0iMifil;^ 
i*^t 7-7^1/- h 8 0 3 (D^®lC»oTe^-r^^Mi6^^$n^o i^- 

20 -&Z2&<DMn&i' J rV— 7°U— b 8 0 3rt*I£g£ttT^3^ dtie>O^S$; 
e^-T^M^Sl^CWLfcCV^^tC, WW^* "7—^1/— h 8 0 3 <0H8 

«^ife$tife>"\' i 7-yi/-h@^^8 o b-vm^WHzttmztiT^z. 

Mn&i'* t 7-7°U-b8 0 3, ^tyt7-yi/-M0 9, 

8 i ^n^nwtcies^nTv^o Mi^yt^-^-hs o zl& 

25 ^5>^«7-yi/-b8 0 9£OF^teV^n&CDi£fi<7) l/4*g(3 0mm) 

**^CD^^XTyn-b:7.^MSr/^^ ^y— h§J<Z5T FT (Thin Film 
Transistor) ffigrr* X:/IH* MMzM MLfc^D-feXtt, CVDffil: 
±3. 1) y'j3>tMfi!c^ntX, 2) >-U3>^^Ji^<7)^^SyiJ 
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5 ^ 2 











l: vU3>OTM 


Ar(900sccm) 


S1H4 (50sccm) 
NH 3 (70sccm) 


67 Pa 
(500mTorr) 


2: *8fiy'j3>«Jg 


At (880sccm) 


S1H4 (60sccm) 
H 2 (60sccm) 


#9 67 Pa 
(500mTorr) 


3: n + ->'JZ]>m^ 


Ar(900sccm) 


SiH4(60sccm) 
PH 3 (20sccm) 


Jft 67 Pa 
(500mTorr) 


4: y'J Zl>^X^5F> 


Ar (820sccm) 


SF 6 (250sccm) 
HQ (50sccm) 


%£} 27 Pa 
(200mTorr) 


5: i/ U 3 >^MS?16 


He (660sccm) 


O2(90sccm) 


3$ 67 Pa 
(500mTorr) 



**JfiWTtt» 1) ^£3) tt'CT'PtXH HR8 12Sfid^t«:< 
15 ^X*«J0#^.S^itC«k0^iBl!UTff"5wt**-C*S- 4) 1 5) (D7a±7. 
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5 m 3 









l) yU^>M 


Wffi : 4.2MV/cm 
/&JKit^ : 120nm/min 


Wffi : 12.4MV/cm 
Efc^iSS : 310nmAnin 


2) y'Jn>iM 


T^E; T X(02an 2 /V -sec) 
fiSggiUgg : 78nnvtain 


#££H (280cm 2 /V-sec) 
JjfcHli&g: : 93nm/min 


3) n + ->Uzi>m^ 


Jgia* : 2.3 Q cm 

: 58nm/min 


i££a^ : 0.7 Q cm 
f$$MM& : 85nm/min 


4) V'J 3 >Il7 


Xy^>^3LS : 
280nm/min 


720nm/min 


5) ->U □ >^®iS 


&fbJ3lJ¥ : 7nm 


^bMJ? : 28nm 



10 ^^iBfcA»trs<^><7>x^;^*n*3fe©S«©i/3RTtte< (4~7 

eV). ^{3-r^>Mlt^-^^A^)-<h^V^c^ «0 3^jfiViBBJE 

fT¥«M^xvgecto lmmmm^tctb (>2xioi2 C m-3), *&jiii£^ig< 
■Drzrz#>&mm&#i%iz&fr-Drz co. 2cm 2 /v-sec gg), r^iyyxmizu 
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8 (W/V-sec @g(Di«^ift^^^^U n >m&C VD&Ti£»T-£ 
n + yU3>I(l TFTCV-X, KH>^>^^ b^Cffl^^n, h^> 

ji^avhs ^fctbm\zy*-i;&J*?L2> z < , u 7©^b$^'[pi± 

A'7^^-hiTFTOV-7i:KK >m<D^ ^ y T^X y 3^ > tflsTcWi. T 
HUOV-X, KW>P>^ bffln + ~>UP> (T^E^^yX^fc^-r^P^ 

15 ux^;u) m£iHtL-a&^#j (s i o 2 ) t^x.Tv-7;i Fu-om&mm-? 

V-XtFU-iyfflVlim&LZiZte, n+->UP>$i (1^ 1 5 nm fg^) (7) 
20 ft^3i-t:5Z±lzWHk-?Z>!&m&$>2>o Z\(D£%. W&LUM\t Z 5 Or^SOTT 

te. S«iaS3 0 CC{C*5^T3^CZ)^-r2 8nm VXt<DW.1* ^mit^Mff 
25 -T-§.fc86, n + ~>U P >lift:$^lTV-7 £: H U"f >T$*%±\Z®mcT Z> Z\ 
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5 5fc*©^y7fAi:§tl, (10 1) &m8Cfr ZMCD— mt^^C 9 

u&&mnmz&&fr<mm-zm*frttz^ft<Dmmtt (102) n$> 

< 1 7-^1/- h (10 3) 
U ^«^->^'7-^'l/-h{C^^CD^X^£tJ?L (10 7) j&tJBdcSnT* 

« (102) t^m^v^^-^V-h (10 3) i:(DP B 1(D^ (104) £ 

aoTKfc#©#x;ttffi?L (10 7) d^*!tai$nscfc-5tc«^c$nT*5 0, k 
mmwu (102) £&a,tm^3§ (ioi) <z>nflsicttKsi*»iR*aLT7 r 

15 K«»©rtflattt*«is»» (114) (115) &m 

tt&n, SSBfflMtt (114) fc^LT&a£fT?y^Xvyn-fexgMT& 
^Myt7-^l/-h (10 3) <h»#igg# (114) £<D|H!K:, ^ 
20 fMklifctfiTSte^f-tfcv-f "7— :7V— h (111;600; 70 0) ^fl, K 

^*#'>^«7-yi/-h (103) fr*>nm-gnr£U7s<D5t>'pt£< bb« 

Kt^f^ir^-y^— hOBBPaJ (2 0 6;6 0 7;7 0 7) £3i-pTM$&3 

25 2. iff^Offil^ 1 J»Et©y7X77 , Dt^8n?»oT, MlBttWS/ 
t7-7*U-h (1 1 1:6 0 0) tt;fe««T«ldcSn, K&JR«©lfflfB#Nia3 
a^WKlttlSScOtfXlftffiJL (2 0 3 ; 6 0 3) *«RJt5*l, J-^te&JSWtelg 
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3. m^<Dmmm2ymdM<Dy°^x^y'n±7,mm^-oT. tm&mmz 
m~mm&~>^ t 7-7°i'-h (103) ifn^T^^^y-^v-h ui 

1 ; 60 0 ; 7 00) £it%m$}\zm*\Z¥ff\Z&WZtVX&0. -t*aS<0WIH>&* 

10 

xmmx^-ox. immnfofiL (102) ti»iBWt#^^»7— yw— h (1 0 
3) «HM6*){c¥fT(cgBs$nT43 0, Atrsem^ (102) ommxa^h 
7>^m<Dm£mmmm&~>* r 7-7°\/-h (103) ©wsa*fias»fr«<o 

T>?^- (110) iHuiE^im^ (102) itnnmzm^zsfftizmwzn 

7 . l»:£©i6H£! 1 ^75SSB4«05"fe^i-rn*i— TO«©y^X"7^D-fe 
XglTSoT, (IWSBI«#^ , 7— yu— h (10 3) ©#Sa«, HufB-7<^ 
25 n«©«M58BK:*5ttSifcfi© 1/2 ©SRftlc$WWfc»Ll*;ii:*W*£« 

7>^j- (110) ttmwum (102) tt*Hwicsv>»c¥ff*cE«sn 
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9. rtWMffinjtg^ii (801) t. &®mmzX7,&m&T%jszm 
p«*^»wtca^<2iars«»*^7a:*3ptEtt©8«#« (8 02) t» 

(8 0 2) ^ck^^MMi:^§gl*IfC!SiS$n^y7Xv<D^(3« 
(8 0 3) $fb, ram>'A' , 7-yi/-htC«m^7^X^m?L (8 

07) **jgdc$nT*o. &fixmifei'XTA\z£r)mifeznrzrtx<D5%'pu 
mtm^mmtmmmw^^u-zfu-b (8 03) «h©f«<oi«w (8 
04) &m-oTmm&<Drt7>ticti&L (8 07) ^etttiustiSct'Sfc^i^nT 

15 *5«9> &m#£ (8 0 2) tt^TR^S (8 0 1) ©^KttS©— Bfc&*R»f 
(8 0 2) TM^tlfc^-KOiftf (8 0 8) t£g§§© 

(812) (8 1 3) 

ramfrv'-V «7-^W— h (8 0 3) tti&WS&fc (8 12) tOMfclJi, 

20 wmnw- •>t7-yi/-hA^»m$n5^t 5 #x £K#$ag 
a^fiijfdiJcaj-rsi&^x^^-y^-h (8 09) awtsn, mn^t 

■7-XV-h (8 0 3) ^^ai$n^X©^^^<t : b-gl5TO^^> 
t7-7"U-h (8 0 9) O^Pa5^iloTK5aS^fi'J^gftn^<fc^(C^$ 

25 

10. ts^(Disffl^9^iE@(DX^Xx'^ , p-fexge-rfeoT, ittifateTtK 
©®fc««*©#xiWH?L (sin swft^sn, »^jRettsafi$nT^i«^ 
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1 1. HtJjcofgffliss i o-mmox^x-^xu^xmrnx^-ox, mz&m, 
W£?ttmfm&xtitmznT^zz.hzftmt?zx7X^xa±xmw. 
5 12. m&<Dmm?& 9 mnmm nm<Do% ^-rn^-mmm^x^x^x 

otXgiTS-pT, ffifBBHUfcxir V-XU-b (8 0 3) tiiijlB&^l*^ 
U-XU— b (8 0 9) km*$&CS^fcWK:ieS$tlT&D> ftl^OPli 

zx^x^xn-txmmo 

10 

i 3. ft&tmfzzjmtz^ (ion t^ggfttctfx^&i&t-stfx 
«y7fAt, m®$gft\zm&znrzfix&mm.T%t£b\zm^ft*ffi& 

MWtca^<^t-^^^^^^TO^C0B§*#^ (10 2) 

m^^m^r^^^mmi^iy^u-xu-b (103) =&*ru m 
n^^u-xu-bizum^^xman (107) ^/&$trofcD, m# 

7;#t^^7 > xAiCJ;D^$nfe^X©e)^^cJ:<it)-^«K^«^ (1 0 
2) <hMij§«&:>^ y-^U-h (10 3) iC^O^I (104) ^loti 

20 m%t(Dtfxtkihji (107) ^^BctB^n^ct^tc^^nTiso, 

(10 2) £&A,-eM^§§ (10 1) cD^iJlC^^^^ilLT^Xvjgl 

i£^§§ ft a#Mis# (114) (115) &mt* mt 

mwmtizitiLTtim&fTo x^x^xu-^xmmx^x, 
25 mxuvbx>^x (iio), mmmwm. (102), mmm^^u-xu 

- b ( 1 0 3) ^n^tl^K&*J{CSV^CWOTg$tlT*5 0 . Kf5§«*M£ ( 1 
0 2) ©i70 7 hT^^iJ^Mt^Mm^^^^-yU-h (10 3) (Dm 
$mW&fc&WW£(Dffl<DmM&. ^T-f ^ n&cDMMi^cfctt^&^D 1/4 
(D^mfglciilStttKig tA> £ £ txrz> X7X-?Xn±xmW.o 
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14. mj£<Dffim$£l 3^f2^0^X^yD-feX^MT*-oT, hWH^« 

ft->^y-yi/-h (103) e>j¥£^\ mm^-(>7u$i<DW<t£mz3stfz>$L& 

1 5. fflt*(£$6HSgl 3 3U?.ttfi!l 4^IBig©y^X-7yD-fe7,^ST^o 
T,' mmxay h7>rt (110) tHufE^^ (10 2) dKD^BS^ HU 
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